FOCUS
L umbar spinal stenosis (LSS) is a highly disabling, degenerative condition that typically manifests in elderly patients and progressively interferes with ambulation and subsequent activities of daily living. 24 Multifactorial in origin, bulging discs, overgrown facet joints, and hypertrophied ligaments may eventually cause posture-and motion-dependent impingement and ischemia of lumbar nerve roots that is commonly referred to as neurogenic claudication. 20, 47 LSS is the most common indication for spinal surgery today, 3, 8 and constitutes a growing medical and economic concern facing an aging Western population. 3, 24 Despite its relatively characteristic clinical picture, previous landmark studies varied in terms of diagnostic criteria and outcome measures, 1, 10, 48 which limits the comparability and generalizability of their findings. 20, 21 The accurate measurement of an individual patient's clinical condition at first presentation and follow-up is essential to guide therapeutic decision-making and to determine treatment efficacy. In today's evidence-and value-based medicine environment, subjective patient-reported outcome measures (PROMs) are frequently incorporated into research and clinical healthcare. In parallel, the use of objective outcome measures increasingly complements the comprehensive evaluation, which is also true of patients with LSS and degenerative disc disease (DDD). 13, 39 A number of objective outcome measures have been proposed for patients with LSS, including motorized treadmill tests (MTTs), 7, 36, 44, 45 self-paced walking tests (SPWTs), 36, 45, 46 the shuttle walking test (SWT), 36 and the 6-minute walking test (6MWT), 11, 29 as well as accelerometric and/or gait analyses using body wearable devices. Although previously applied to this indication, [26] [27] [28] 31 data on the objective functional evaluation by means of the "Timed Up and Go" (TUG) test in homogenous cohorts of patients with LSS are currently limited. The aim of this study was to report data on the objective functional evaluation by means of the TUG test in patients with LSS, and to summarize the current literature.
Methods

Patient Identification
Consecutive adult patients with lumbar DDD were recruited between December 2013 and 2015 in a prospective two-center study aiming to quantify functional impairment by means of the TUG test. 38, 40 The original protocol included patients with lumbar disc herniation scheduled for microdiscectomy, LSS scheduled for microsurgical decompression, and both LSS and DDD with associated instability scheduled for spinal fusion surgery. In this study we retrospectively analyzed data sets of LSS patients with and without associated instability pertaining to patient characteristics, baseline functional status, and day 3 (D3) as well as week 6 (W6) postoperative outcome. Pregnant women as well as patients with walking impairment due to any other known neurological, orthopedic, or rheumatic disease (e.g., paraparesis, hemiparesis, hip/knee osteoarthritis, vertigo) were excluded a priori.
Data Collection
We recorded demographic patient characteristics (age, sex, BMI, smoking, and working status) and information on comorbidity (Charlson Comorbidity Index and American Society of Anesthesiologists risk score), 25 as well as disease-specific and surgical parameters. Each patient's clinical condition was assessed by applying a set of generic and disease-specific PROMs, including back pain and leg pain on the visual analog scale (VAS; score range 0-10), functional impairment (Roland- 
The TUG Test
The TUG test was performed in a standardized manner, 12, 17, 34 asking patients to stand up from a chair on the word "Go" and walk as fast as possible (no running) to a marked line on the floor at 3 meters distance. At that line, patients would turn around by 180°, return to the chair, and sit down again as quickly as possible. The TUG test result is the time interval between getting up from the chair and sitting down again in seconds and can be measured using a stopwatch or the free smartphone TUG app (see Appendix).
Patient Management and Surgical Treatment
Patients underwent a minimum of 6 weeks of conservative treatment before being considered for surgery. In patients with degenerative spondylolisthesis or enlarged zygapophysial intraarticular spaces on MRI, or in those reporting significant mechanical back pain, flexion-extension radiographs were requested. Decompression and instrumented fusion was recommended to patients with LSS and associated instability.
Microsurgical decompression was performed while patients were under general anesthesia and lying prone. The correct levels were marked using lateral radiographs. Skin and fascia were opened, and the paravertebral musculature was scraped off with a Cobb elevator. In fusion procedures, transpedicular screws were first inserted. The inferior part of the superior lamina was then drilled off under microscopic control. The ligamentum flavum was resected, and the interlaminar window widened. At the discretion of the surgeon, a hemilaminectomy or laminectomy was performed in some instances. In cases of bilateral stenosis, decompression was performed either via a unilateral fenestration with "over-the-top" decompression, or bilateral fenestrations. In fusion procedures, facetectomy and intersomatic cage implementation via a transforaminal lumbar interbody fusion trajectory was preferably performed. Dural tears were fixed with 5-0 microsutures. Drains were inserted only in cases of insufficient hemostasis.
Statistical Analyses
Raw TUG test times were transformed into age-and sex-adjusted T-scores (with T-score > 123 indicating objective functional impairment [OFI] ). The severity of OFI was categorically determined using previously determined cutoff values generated from 110 healthy subjects. 16, 40 The W6 response to surgical treatment was determined in terms of improvement by at least the minimum clinically important difference (MCID), using previously published values for VAS back pain (1.2), VAS leg pain (1.6), RMDI (5.0), ODI (12.8), EQ-5D index (0.359), SF-12 PCS (4.9), and the TUG test (3.4 seconds). 5, 19, 30, 32, 33, 43 A patient not improving by at least the MCID was considered a "nonresponder" on the respective outcome measure. Logistic regression was used to estimate the relationship between presence of preoperative OFI and the W6 responder status.
Categorical variables were presented as count (percentage) and nominal variables as group mean (SD). Longitudinal outcomes were compared using t-tests. The software used for the statistical analysis was Stata (version 14.2, StataCorp LP). A p value < 0.05 was considered statistically significant.
Ethical Considerations
The study was approved by the local IRBs (University Hospital of Geneva and Cantonal Hospital St. Gallen). All patients provided written informed consent.
Results
We included a total sample of 64 patients (n = 32 male, 50%) with a mean age of 66.8 ± 11.7 years. Detailed baseline demographic data are outlined in Table 1 .
Preoperative Status
The preoperative clinical status of the patients is summarized by the following mean scores ( In the objective assessment, patients had a mean raw TUG test time of 10.2 ± 5.0 seconds (range 5.3-27.2 seconds). This corresponded to age-and sex-adjusted TUG test values within the range of the normal population in 48 patients (75.0%). The remaining 16 patients were classified as mild (n = 5, 7.8%), moderate (n = 8, 12.5%), or severe OFI (n = 3, 4.7%; Table 2 ). The mean OFI T-score was 116.3 ± 23.7 (range 94.9-222.4; Fig. 2 ).
All patients underwent microsurgical decompression of 1 (n = 49, 76.6%), 2 (n = 10, 15.6%), 3 (n = 4, 6.3%), or 4 segments (n = 1, 1.6%). Decompressions were performed unilaterally (n = 45, 70.3%) or bilaterally (n = 19, 29.7%). Surgical fusion in addition to decompression was performed in 17 (26.6%) of 64 cases.
Status on Postoperative D3
The patients' status on D3 was as follows ( The objective D3 assessment was available for 58 patients (90.6%). These patients had a mean TUG test time of 10.4 ± 5.4 seconds (range 4.5-30.0 seconds). This corresponded to age-and sex-adjusted TUG test values within the range of the normal population in 40 of 58 patients (69.0%). The remaining 18 patients were classified as mild (n = 9, 15.5%), moderate (n = 6, 10.3%), or severe OFI (n = 3, 5.2%). The mean OFI T-score was 116.9 ± 22.3 (range 93.2-211.7, p = 0.886; Fig. 2 ).
Status on Postoperative W6
Six weeks postoperatively, patients reported mean scores of: VAS back pain 1.6 ± 1.7 (p < 0.001), VAS leg pain 1.0 ± 1.8 (p < 0.001), RMDI 5.3 ± 4.7 (p < 0.001), (Fig. 1) . Three patients (4.7%) were receiving daily opioid pain medication (p = 0.492). The W6 objective assessment was available in all 64 patients. These patients had a mean TUG test time of 7.2 ± 3.9 seconds (range 4.0-33.5 seconds). This corresponded to age-and sex-adjusted TUG test values within the range of the normal population in 60 patients (93.8%). Of the remaining 4 patients, 3 were classified as mild (4.7%) and 1 as severe OFI (1.6%). The mean OFI T-score was 103.1 ± 13.6 (range 88.6-182.5, p < 0.001; Fig. 2) .
Apart from higher preoperative VAS back pain in the patient group with LSS and instability scheduled for decompression and surgical fusion (5.4 ± 2.7 vs 3.6 ± 2.3, p = 0.016), the results of all subjective (PROM-based) and objective assessments (TUG test) were similar for patients with LSS undergoing decompression only at baseline, D3, and W6 (all p > 0.05). Table 2 outlines case data pertaining to those patients who were found to have any degree of OFI in the preoperative evaluation. Some patients showed transient worsening of their functional status at D3 but distinct improvement at W6 (cases 1, 6, 10, and 11), whereas other patients already improved at D3 (cases 3-5, 7-9, 12, and 15). Case 9 showed some improvement at D3, but was functionally worse at W6, compared to the preoperative objective functional status. Table 3 outlines the W6 responder status to the surgical treatment. The metric on which most patients responded favorably was VAS leg pain (81.3%), followed by the ODI (65.6%), VAS back pain (62.5%), SF-12 PCS (57.8%), RMDI (48.4%), and the TUG test (31.3%). Fewer than 1 in 3 patients was considered a W6 responder on the EQ-5D index (29.7%).
Longitudinal Analysis of Patients With Preoperative OFI
Analysis of the W6 Responder Status
Patients with any preoperative degree of OFI were as likely as patients without OFI to be W6 treatment re- 
Discussion
The aim of this work was to provide more insight into the applicability of the TUG test in a cohort of patients with LSS before and after microsurgical decompression with or without fusion. Retrospectively analyzing prospectively collected data of 64 patients, several interesting notions emerged. First, we found that-despite evaluating selected patients with considerable degrees of suffering in terms of subjective PROMs-the preoperative objective functional status was within the range of the healthy normal population in three-quarters of the cohort. Second, at W6, the objective functional status was within the range of the healthy normal population in 94% of patients and, correspondingly, we observed significant improvements on each of the applied subjective PROMs. And third, the presence or absence of OFI at baseline was not associated with a favorable response to surgical treatment on any of the applied subjective outcome metrics.
In this study, the TUG test was applied, as it is easy to employ and tests a great range of activities, in which patients with degenerative diseases of the lumbar spine are limited: standing up, accelerating, walking, decelerating, turning around, and sitting down. Its reliability and convergent validity with commonly accepted PROMs for lumbar DDD has been demonstrated. 16, 38, 40, 41 In addition, the TUG test has been shown to be a robust assessment tool, relatively independent of factors known to influence the PROM-based patient evaluation such as obesity, 40 smoking, 23 and mental health status. 42 Its cutoff value, representing a clinically meaningful change in function (or MCID), was determined to be 3.4 seconds.
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So far, the TUG test has only been applied in a limited number of studies explicitly dealing with LSS that are summarized below. [26] [27] [28] 31, 38 In 2005, Lin and Lin evaluated how sensorimotor function, balance, and physical performance relate to disability and walking capacity. 28 They included 50 patients with LSS and a mean age of 60.7 ± 7.3 years, with a mean VAS pain score of 5.6 ± 1.9, mean ODI of 32.0 ± 16.0, and mean Swiss Spinal Stenosis Questionnaire (SSSQ) physical function scale score of 2.96 ± 0.68. The mean raw TUG test result was 6.4 ± 2.3 seconds (range 3.6-15.0 seconds). The authors reported a significant correlation between the TUG test result and both the ODI (r = 0.446, p < 0.01) and SSSQ physical function scale score (r = −0.530, p < 0.01). The TUG test stood out as the variable with the highest correlation to disability, its results explaining approximately 20% of the observed variance. Because the TUG test is simple, reliable, and requires only a chair and 3 meters of walking space, the authors recommended its use as a screening tool for disability in the assessment of LSS patients. 28 In 2011, Kim et al. 26 applied the TUG test in 80 patients enrolled in a case-control study to compare the estimated risk of falling between patients with LSS and those with bilateral knee osteoarthritis (n = 40, each group). The LSS cohort consisted of 11 males (27.5%) with a mean age of 62.8 ± 7.3 years and a relatively low mean ODI score of 18.9 (SD not indicated), considering this was a cohort of surgical candidates. The mean raw TUG test result in the LSS cohort was 14.1 ± 1.8 seconds, considerably higher than in the report by Lin and Lin 28 and the raw TUG test results of the present study. The authors reported no significant correlation between the TUG test and the ODI score (r = −0.447, p = 0.374). They concluded that PROMs such as the ODI were an addition-but no substitute-for objective outcome measures, which is in agreement with the experience of our group in subsequent studies. 12, [38] [39] [40] In 2014, Lee et al. published a follow-up report to compare the effect of conservative versus surgical treatment of LSS on the estimated risk of falling. 27 The surgical cohort consisted of 76 patients (mean age 62.4 ± 11.0 years; n = 30 [39.5%] males; mean ODI of 25.8 ± 9.7; mean raw TUG test 15.4 ± 2.3 seconds) and the conservative cohort of 50 patients (mean age 64.6 ± 6.2 years; n = 18 [36.0%] males; mean ODI of 22.3 ± 6.2; mean raw TUG test 16.9 ± 2.3 seconds). Despite gradual improvements on both the ODI and TUG metric at 3 and 12 months postoperatively, those group differences were statistically insignificant when a conservative Bonferroni method was applied to adjust for multiple testing. The 3-month ODI (mean 19.2 ± 8.2) and TUG test results (10.5 ± 1.8 seconds) in the surgically treated cohort are comparable (within one SD) to the results of the W6 outcome obtained in our patients. Interestingly, the ODI, EQ-5D, VAS, and TUG test scores were similar in the conservatively and surgically managed cohorts at their 3-and 12-month follow-ups. 27 In 2017, Park et al. 31 examined female patients with LSS and healthy control subjects in the age range between 65 and 85 years. The authors applied PROMs (EQ-5D index, ODI) and the TUG test, which differed significantly between the healthy (mean age 70.6 ± 4.0 years; EQ-5D index 0.77 ± 0.15; ODI 13.6 ± 12.9) and diseased group (mean age 70.6 ± 4.7 years; EQ-5D index 0.57 ± 0.13; ODI 32.8 ± 15.3). There was a significant correlation between the TUG test and the ODI (r = 0.54, p < 0.01) and between the TUG test and the EQ-5D index by trend (r = −0.32; p = 0.08) in patients with LSS. The authors did not provide details on any posttherapeutic changes in subjective and objective measures of function.
The body of literature in conjunction with our experience of applying the TUG test in 110 healthy subjects and 375 patients with degenerative diseases of the lumbar spine (including 135 with LSS) 38, 40 show that raw results of the TUG test differ between healthy subjects and diseased LSS patients. 31, 40 Longer TUG test times correlate positively with back/leg pain and subsequent disability, and negatively with HRQoL. 28, 31, 38, 40 Correlations are weak to Values given as number of patients (%).
moderate, however, suggesting that the objective functional evaluation adds a different dimension to the comprehensive patient evaluation, which can supplement but not replace the subjective PROM-based assessment. 12, 26, 38, 40 The TUG test is sensitive to change, to a similar extent as commonly used PROMs (Tables 2 and 3 ). The use of validated OFI categories/T-scores offers distinct strengths over the use of raw TUG test values as it allows an appreciation of an individual patient's deviation from the population norm, thereby minimizing bias introduced by the variables age and sex. 14, 18 In the first postoperative days, the TUG test result appears to be influenced by wound pain, 15 which can be appreciated by the increase in patients with OFI on D3, compared to preoperatively. This should be taken into consideration when interpreting early postoperative objective assessments.
The fact that only about 1 in 4 surgical LSS candidates was classified to have OFI when applying the TUG test merits some further explanation. Because the threshold to classify a patient as "objectively impaired" was intentionally chosen high (99th percentile of the normal population TUG test results), 40 the specificity of the TUG test to detect functional impairment is high, which comes at the cost of a low sensitivity, however. It thus implies that even when a patient is classified with "mild" OFI, LSS symptoms are already pronounced. It should be borne in mind that clinically relevant neurogenic claudication may not appear over the short course of the TUG test (walking 3 meters twice). Therefore, other objective tests that challenge patients over a longer walking distance and duration are likely more sensitive and appropriate in the setting of patients with LSS.
The SPWT has previously been described as the "gold standard" of objective outcome measurement in patients with LSS. 22, 45 Patients are instructed to walk continuously at their own pace around an indoor 200-meter track until they have to stop or until a maximum time of 30 minutes. Its test-retest reliability was excellent (intraclass correlation coefficient = 0.98). 45 However, its results varied highly, ranging from 60 to 2065 meters (mean 776 ± 726 meters) and 67-1800 seconds (mean 840 ± 690 seconds). 4 The MCID of the SPWT was found to be 363 meters in a small sample of 26 patients with LSS. 46 The convergent validity with the MTT, self-estimated walking time/distance, as well as with symptoms of neurogenic claudication were moderate to high. 4, 36 The SPWT outperformed the MTT in terms of internal responsiveness, whereas external responsiveness of both tests was rather poor. 4, 36 While the SPWT appears to be a good choice to accurately measure LSS-related disability, the need for a special facility and personnel/staff to conduct the measurement render this test cumbersome to apply in daily patient care. The same problem applies to the MTT, SWT, and other sophisticated laboratory-based gait analyses.
In this regard, more flexible solutions such as the 6WT, for example, are preferable. According to the American Thoracic Society guidelines, this test is traditionally performed in a well-illuminated flat hallway. 6 Patients are instructed to walk back and forth as often as possible for 6 minutes. The test result is the 6-minute walking distance (6WD, in meters). 11, 29 Recently, smartphone applications have been programmed that measure the 6WD, as well as time to first symptoms (in seconds) and distance to first symptoms (in meters) in the patient's home environment using global positioning system (GPS) technology (see Appendix). 38 The 6WT is less explored than the SPWT for LSS, but it has been applied as an outcome measure in recent high-quality studies. 11, 29 The MCID in the 6WD ranged from 14 to 30.5 meters in various populations with chronic cardiopulmonary conditions, 2 but still remains to be determined for LSS. The ease of administration using a smartphone in particular makes the 6WT a promising candidate for both future LSS studies and daily patient care.
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Strengths and Limitations
Strengths of this study include the two-center design that applied the TUG test to patients with different linguistic and cultural backgrounds. This allows generalizing the present findings to different clinical settings. In addition, a comprehensive set of validated generic and disease-specific scales and health surveys was included. The most important limitations are inherent to the retrospective design and to its relatively small sample size. The latter was within the range of previous related research, however. 4, [26] [27] [28] [29] 35, 36, 45, 46 The analysis included both LSS patients undergoing microsurgical decompression and those undergoing a fusion procedure, and differences in the recovery after each procedure type may have influenced the analysis of the postoperative functional level. As no additional follow-up data were available, we currently can describe neither the objective postoperative rehabilitation process of LSS patients in more detail, nor the value of the TUG test for long-term outcome evaluation.
Conclusions
The TUG test is a quick and easily applicable tool that reliably measures OFI in patients with LSS. Objective tests incorporating longer walking time such as the SPWT, MTT, or 6WT should be considered if OFI is suspected but fails to be proven by the TUG test, taking into account that neurogenic claudication may not clinically manifest during the relatively brief examination. Preferably, objective test results should be analyzed in a standardized fashion. They do not replace the subjective PROM-based assessment, but add valuable information to a comprehensive patient evaluation.
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